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We develop the BPS preon conjecture to analyze the supersymmetric solutions of D = 11 su-
pergravity. By relating the notions of Killing spinors and BPS preons, we develop a moving
G–frame method (G = GL(32,R), SL(32,R) or Sp(32,R)) to analyze their associated general-
ized holonomies. As a first application we derive here the equations determining the generalized
holonomies of ν = k/32 supersymmetric solutions and, in particular, those solving the necessary
conditions for the existence of BPS preonic (ν = 31/32) solutions of the standard D = 11 super-
gravity. We also show that there exist elementary preonic solutions, i.e. solutions preserving 31
out of 32 supersymmetries in a Chern–Simons type supergravity. We present as well a family of
worldvolume actions describing the motion of pointlike and extended BPS preons in the background
of a D’Auria–Fre´ type OSp(1|32)–related supergravity model. We discuss the possible implications
for M-theory.
PACS numbers: 11.30.Pb, 11.25.-w, 04.65.+e, 11.10.Kk; FTUV-03-1222 IFIC-03-60
I. INTRODUCTION
A complete, algebraic classification of M-theory BPS
states, based on the number k of supersymmetries pre-
served by a given BPS state, has been given in [1]. BPS
states preserving k out of 32 supersymmetries are de-
noted ν = k/32 states; k = 32 corresponds to fully super-
symmetric vacua. The observation [1] (see also Sec. II)
that BPS states that break 32 − k supersymmetries can
be treated as composites of those preserving all but one
supersymmetries, suggests that the k = 31 states might
be considered as fundamental constituents of M-theory.
These ν = 31/32 BPS states were accordingly named
BPS preons [1].
Interestingly enough, the notion of BPS preons may
be extended to arbitrary dimensions, including D = 4.
In this case, a point–like BPS preon may be identified
with a tower of massless higher spin fields of all possible
helicities (see [2, 3], [4] and refs. therein).
The actual existence of preonic, ν = 31/32 supersym-
metric, BPS states as solitonic solutions of the standard
Cremmer–Julia–Scherk (CJS) D = 11 supergravity [5]
has been the subject of recent studies [6, 7]. Although
no obstructions for their existence have been found by
geometric considerations based on the notion of general-
ized holonomy [6] (see also [8, 9, 10, 11]), no ν = 31/32
solutions were found either.
In this paper we develop the notion of BPS preons to
analyze the various supersymmetric solutions of the su-
pergravity equations. A ν = k/32 supersymmetric solu-
tion corresponds to a BPS state composed of n = (32−k)
BPS preons. The corresponding (32− k) bosonic spinors
λα
r (r = 1, . . . , n) are orthogonal to the k Killing spinors
ǫJ
α characterizing the ν = k/32 solution,
ǫJ
α λα
r = 0 , (1)
α = 1, . . . , 32 , J = 1, . . . , k , r = 1, . . . , (32− k) .
Thus, BPS preonic spinors and Killing spinors provide an
alternative (dual) characterization of a ν-supersymmetric
solution; either one can be used and, for solutions with
supernumerary supersymmetries [12, 13], the characteri-
zation provided by BPS preons is a more economic one.
Moreover, the use of both BPS preonic (λα
r) and Killing
(ǫJ
α) spinors allows us to develop (in Sec. II) a moving
G–frame method, which may be useful in the search for
new supersymmetric solutions of CJS supergravity.
We apply this moving G–frame method (in Sec. III,
G = SL(32,R)) to studying the generalized holonomies
of CJS supergravity and discuss the basic equations char-
acterizing the still hypothetical BPS preonic solutions
(Sec. IVB, G = GL(32,R), SL(32,R) or Sp(32,R)).
Although no definite answer to the question of the ex-
istence of BPS preonic solutions for the standard CJS
supergravity is given here, we do show (in Sec. IVA)
that ν = 31/32 supersymmetric preonic configurations
solve the equations in the Chern-Simons (CS) supergrav-
ity case [14] (for a review, see [15]) i.e., that CS super-
gravity does have preonic solutions.
Using the recent results [16, 17] on a gauge-fixed form
of the action for dynamical supergravity interacting with
dynamical superbrane sources (see Sec. IVC), we also
propose (in Sec. IVD) a D = 11 worldvolume action
for BPS preons in the background of a D’Auria–Fre´
OSp(1|32)–related supergravity [18] (see also [19]), a
model allowing for an economic ‘embedding’ of the stan-
dard D = 11 CJS supergravity.
In this paper we use a ‘mostly minus’ metric, ηab =
(+,−, . . . ,−); the exterior derivative d acts from the
right, dΩq =
1
q!dx
µq ∧ · · · ∧ dxµ1 ∧ dxν∂νΩµ1···µq .
2A. Equations of D = 11 supergravity
The purely bosonic limit of the ‘free’ CJS supergravity
equations is given by
Eab := Rab −
1
3
Fa[3]Fb
[3] +
1
36
ηabF[4]F
[4] = 0 , (2)
G8 := d ∗ F4 − F4 ∧ F4 = 0 , (3)
dF4 ≡ 0 ⇔ F4 = dA3 , (4)
which include the Einstein equations with a contribution
from the energy–momentum tensor of the antisymmetric
gauge field Aµνρ(x) only, Eq. (2), as well as the free equa-
tions (3) and Bianchi identities (4) for the gauge field in
curved D = 11 spacetime. Here a, b, c = 0, . . . , 9, 10 =
µ, ν, ρ,
A3 =
1
3!
dxρ ∧ dxν ∧ dxµAµνρ(x) ,
F4 =
1
4!
ed ∧ ec ∧ eb ∧ eaFabcd(x) , (5)
ea = dxµeµ
a(x), Fa[3]F
b[3] ≡ Fac1c2c3F
bc1c2c3 , etc. It is
also assumed that the torsion and the gravitino vanish,
T a := Dea = dea − eb ∧ ωLb
a = 0 , (6)
ψα = dxµψαµ = 0 , α = 1, . . . , 32 , (7)
where ωLb
a is the Lorentz connection. Such equations
possess nonsingular pp–wave solutions with supernumer-
ary supersymmetries [12, 13].
As the supergravity multiplet is the only one without
higher spin fields in D = 11, no usual field-theoretical
(spacetime) matter contribution to the r.h.s.’s of Eqs.
(2), (3), (4) may appear. However, these equations might
be modified by higher order corrections in curvature [20,
21] (a counterpart of the string α′ corrections [22] in D =
10, see also [23]), or/and by the presence of sources from
p–branes.
The ν = 16/32 supersymmetric M2–brane solution of
D = 11 supergravity (see [24, 25] and refs. therein) pos-
sesses a singularity on the (2 + 1)-dimensional worldvol-
ume surface W 2+1 ⊂ M11, xµ = xˆµ(ξ) ≡ xˆµ(τ, σ1, σ2)
(a caret indicates a function of the worldvolume coor-
dinates). In other words, it solves the Einstein field
equation Eab = Tab −
1
9ηab Tc
c with a singular energy–
momentum tensor density Tab ∝ δ
3(x − xˆ(ξ)) [42]. The
gauge field equation also possesses a singular contribution
J8 in the r.h.s., G8 = J8, similar to that of the electric
current to the r.h.s. of Maxwell equations. In this sense,
the M2–brane carries a supergravity counterpart of the
electric charge in Maxwell electrodynamics (see [26] for
a discussion).
The other basic ν = 16/32 supersymmetric solution of
the CJS supergravity, the M5-brane (see [24, 25, 27] and
refs. therein), is a counterpart of Dirac monopole, i.e. of
the magnetically charged particle. It is characterized by
a modification of the Bianchi identities (Eq. (4)) with the
analogue of a magnetic current in the r.h.s., dF4 = J5.
The coincident M–brane solutions still possess ν =
16/32 supersymmetry, while the intersecting brane so-
lutions correspond to ν < 16/32. Thus, as supernumer-
ary supersymmetric solutions (ν > 1/2) are known only
for ‘free’ CJS, it is reasonable to consider first the ‘free’
bosonic CJS equations (2)–(4), (6), (7) in the search for
a hypothetical BPS preonic, ν = 31/32 solution.
Notice, however, that one should not exclude the pos-
sible existence of a brane solution [i.e. solutions of
Eab = Tab−
1
9ηab Tc
c with a Tab ∝ δ
p+1(x−xˆ(ξ))] with su-
pernumerary supersymmetries, although certainly these
solutions would describe quite unusual branes. The rea-
son why the ‘standard’ brane solutions (like M–waves,
M2 and M5–branes in D = 11) always break 1/2 of the
supersymmetry is that their κ–symmetry projector (the
bosonic part of which is identical to the projector defin-
ing the preserved supersymmetries [28, 29]) has the form
(1− Γ¯) with trΓ¯ = 0, Γ¯2 = I. However, worldvolume ac-
tions for branes with a different form for the κ–symmetry
projector are known [4, 30, 31] although in an enlarged
superspace (see [32]). A question arises, whether such
actions may be written in usual spacetime or superspace.
As a partial answer to this question, we present here
a D = 11 spacetime action for a BPS preon in the back-
ground of a D’Auria–Fre´ type supergravity [18]. The
experience provided by the usual D = 11 M–branes and
D = 10 D-branes together with the analysis [16, 17] of
the partial preservation of local supersymmetry by the
purely bosonic limit of the super–p–brane action suggests
that the existence of such a preonic action implies that
ν = 31/32 solitons should exist in a D’Auria–Fre´ type
model.
B. Killing spinors, generalized connection and
generalized holonomy
A bosonic solution of the CJS supergravity equations
preserving k out of 32 supersymmetries can be character-
ized by k independent bosonic spinors (Killing spinors),
ǫJ
α(x), J = 1, . . . , k, obeying the Killing spinor equation
DǫJ
α = dǫJ
α − ǫJ
βωβ
α = 0 . (8)
The generalized connection ωβ
α in (8) includes, besides
the Lorentz (spin) connection ωLβ
α = 1/4ωabL Γabβ
α, a
tensorial part tβ
α = ωβ
α − ωLβ
α constructed from the
field strength Fabcd, Eqs. (4), (5),
ωβ
α =
1
4
ωabL Γabβ
α +
i
18
eaFab1b2b3Γ
b1b2b3
β
α +
+
i
144
eaΓab1b2b3b4β
αF b1b2b3b4 . (9)
The Killing spinor equation (8) comes from the require-
ment of invariance under supersymmetry of the purely
bosonic solution (Eq. (7)) that requires δεψ
α
µ = Dµε
α =
0. In OSp(1|32)–related supergravity models, including
CS–type supergravities [14], Dµ and, hence, the Killing
3spinor equation involves a sp(32)–valued ωβ
α connection
(ωβα := Cβγωγ
α = ω(βα)) which is a true connection
i.e., it is associated with the actual gauge symmetry of
the model.
In CJS supergravity, as well as in type IIB D =
10 supergravity, the gauge symmetry is restricted to
SO(1, 10), and ω in Eq. (9) is not a true connection.
However, the selfconsistency (integrability) condition for
(8), DDǫJ
α = 0 has the suggestive form [6, 8],
ǫJ
βRβ
α = 0 , (10)
in terms of the generalized curvature
Rβ
α = dωβ
α − ωβ
γ ∧ ωγ
α . (11)
Eqs. (8), (10) formally possess a GL(32,R) gauge in-
variance with ω transforming as a GL(32,R) connection.
However, GL(32,R) is not a gauge invariance of CJS su-
pergravity, hence the name ‘generalized’ connection and
curvature for ω and R.
Notice that, in contrast, a rigid GL(k,R) transforma-
tion acting on the index I results in a redefinition of the
Killing spinors ǫI
α i.e., in replacing the Killing spinors
by independent linear combinations with constant coef-
ficients. This is clearly allowed and GL(k,R) can be
treated as a rigid symmetry of the system of k Killing
spinors characterizing the ν = k/32 supersymmetric so-
lution of any model.
A true connection takes values in the Lie algebra G
of the structure group G of the principal fiber bundle.
The curvature may take values in a smaller subalgebra
H ⊂ G which is associated with a proper subgroupH ⊂ G
of the structure group, the holonomy group. For gener-
alized connections ω one may accordingly introduce the
notion of generalized holonomy group H ⊂ G [6] (see also
[7, 8, 10]), such that Rβ
α ∈ H (while ωβ
α ∈ G). In
this light, the necessary condition for the existence of k
Killing spinors, Eq. (10), can be treated as a restriction
on the generalized holonomy group H [6, 7, 10, 11, 13].
It has been shown that for both CJS D = 11 super-
gravity [7] and for type IIB supergravity [11], the general-
ized holonomy group H is a subgroup of SL(32,R), H ⊂
SL(32,R). As the generalized connections are clearly
traceless in both cases, one also has G ⊂ SL(32,R).
For OSp(1|32)–related models including CS supergrav-
ities [14] the (true) structure group is G ⊂ Sp(32,R) and
the holonomy group is H ⊂ Sp(32,R).
A full expression for the generalized curvature Rα
β
corresponding to purely bosonic solutions of CJS super-
gravity may be found e.g., in [9, 33] (see Appendix B
of [9] and refs. therein; there, ηab and F correspond to
−ηab, −2F ). For our purposes here it is sufficient to note
that this Rα
β obeys
iaRα
γΓaγ
β = −
1
4
ebRb[c1c2c3]Γ
c1c2c3 +
1
2
eaEabΓ
b
α
β +
+
i
36
ea (Γa
b1b2b3 + 6δ[b1a Γ
b2b3])α
β [∗G8]b1b2b3 +
i
720
ea [dF4]b1...b5 (Γa
b1...b5 + 10δ[b1a Γ
b2...b5])α
β . (12)
whereEab, G8 are the r.h.s’s of the Einstein and the gauge
field equations as defined in Eqs. (2), (3) and ia is defined
by iae
b = δba so that i.e., for Ωp =
1
p!e
ap∧. . .∧ea1Ωa1...ap ,
iaΩp =
1
(p− 1)!
eap ∧ . . . ∧ ea2Ωaa2...ap ; (13)
in particular iaRα
β = ebRabα
β . The equality (12) im-
plies that the set of the free bosonic (Eq. (7)) equations
for the CJS supergravity, Eqs. (2), (3), (4), is equiva-
lent to the following simple equation for the generalized
curvature of Eq. (11), ebRabα
γΓaγ
β = 0 or
iaRα
γ Γaγ
β = 0 , (14)
since the r.h.s of Eq. (12) is zero on account of the equa-
tions of motion (2), (3), the Bianchi identity (4) and
that Rb[c1c2c3] = 0 [since Rabcd = Rcdab and DT
a = 0 by
Eq. (6)].
II. KILLING SPINORS, PREONS AND
GENERALIZED G–FRAME
A. Killing spinors and BPS states
A BPS state |BPS , k〉 described by a solitonic solu-
tion preserving k supersymmetries is, schematically, one
satisfying
ǫJ
αQα|BPS , k〉 = 0 , J = 1, . . . , k , k ≤ 31 , (15)
where Qα are the supersymmetry generators obeying
{Qα, Qβ} = Pαβ , [Qα, Pβγ ] = 0 (16)
α, β, γ = 1, 2, . . . , 32 ,
so that Pαβ = Pβα. The generalized momentum Pαβ may
be decomposed e.g. in the basis of D = 11 Spin(1, 10)
(32× 32) Dirac matrices,
Pαβ = PµΓ
µ
αβ + ZµνΓ
µν
αβ + Zµ1...µ5Γ
µ1...µ5
αβ , (17)
4giving then rise to the standard D = 11 momentum
Pµ and to the tensorial ‘central’ charge generators Zµν ,
Zµ1...µ5 of the M–algebra {Qα, Qβ} = Pαβ . These gener-
ators may be identified as topological charges [34] related
to the M2– and M5–branes (as well as to the M9–brane
and KK7–brane of M-theory [35]; see [29] for the roˆle
of the worldvolume gauge fields of the M5–brane, and
[32, 36] for D-branes).
B. BPS preons as constituents
A BPS preon [1] state |BPS , 31〉 ≡ |λ〉 is a state char-
acterized by a single bosonic spinor λα,
Pαβ |λ〉 = λαλβ |λ〉 . (18)
(hence the notation |λ〉) or as a state preserving all su-
persymmetries but one (hence the notation |BPS, 31〉)
[1]. The bosonic spinor parameters ǫI
α corresponding to
the supersymmetries preserved by a BPS preon |λ〉,
ǫI
αQα|λ〉 = 0 , I = 1, . . . , 31 , (19)
are ‘orthogonal’ to the bosonic spinor λα that labels it,
ǫI
αλα = 0 , I = 1, . . . , 31 (20)
(see below). Identifying ǫI
α with 31 Killing spinors satis-
fying (8), one finds that (20) expresses the fact that these
Killing spinors are orthogonal to the single bosonic spinor
λα characterizing a hypothetical BPS preonic solution.
For BPS states |BPS, k〉 preserving k ≤ 30 super-
symmetries (15) one may introduce n = 32 − k bosonic
spinors λα
r corresponding to the n broken supersymme-
tries. They may be treated as characterizing n BPS pre-
ons |λr〉, r = 1, . . . , n, out of which the corresponding
k/32 BPS state is composed [1].
To make this transparent, let us consider the eigen-
value matrix pαβ of the generalized momentum opera-
tor Pαβ corresponding to the BPS state |BPS, k〉 (which
is usually assumed to be an eigenstate of the general-
ized momentum, i.e. having definite energy and definite
brane charges), Pαβ |BPS, k〉 = p
(k)
αβ |BPS, k〉. This is a
symmetric matrix of rank(p
(k)
αβ ) = n = 32− k (a relation
justified below). Hence p
(k)
αβ may be diagonalized by a
general linear transformation i.e.,
p
(k)
αβ = gα
(γ)p(γ)(δ)gβ
(δ) (21)
with p(γ)(δ) = diag(. . .). Moreover, as gα
(γ) ∈ GL(n,R),
this diagonal matrix can be put in the form
p(γ)(δ) = diag(1, . . . , 1,−1, . . . ,−1︸ ︷︷ ︸
n=32−k
, 0, . . . , 0︸ ︷︷ ︸
k
) , (22)
where the number of nonvanishing elements, all +1 or
−1, is equal to n = rank(p
(k)
αβ ). However, the usual as-
sumptions for the supersymmetric quantum mechanics
describing BPS states do not allow for negative eigen-
values of Pαβ = {Qα, Qβ} [p11 = −1, e.g., would imply
(Q1)
2|BPS, k〉 = −|BPS, k〉, contradicting positivity].
Thus, only positive eigenvalues are allowed and
p(γ)(δ) = diag(1, . . . , 1︸ ︷︷ ︸
n=32−k
, 0, . . . , 0︸ ︷︷ ︸
k
) . (23)
Substituting (23) into (21), one arrives at
p
(k)
αβ = gα
(γ)


1
. . .
1
0
0
0
. . .
0


(γ)(δ)
gβ
(δ) , (24)
or, equivalently, denoting gα
1 = λα
1, . . ., gα
n = λα
n,
Pαβ |BPS, k〉=
n=32−k∑
r=1
λα
rλβ
r|BPS, k〉 ≡
≡
(
λα
1λβ
1 + . . .+ λα
nλβ
n
)
|BPS, k〉 . (25)
One sees using Eq. (16) that, if the preserved super-
symmetries correspond to the generators ǫJ
αQα, J =
1, . . . , k, Eq. (15), then
n=32−k∑
r=1
ǫ(J
αλα
r ǫK)
βλβ
r = 0 , (26)
which, immediately implies
ǫJ
αλα
r = 0 , (27)
J = 1, ..., k , r = 1, ..., n ,
making clear that k = 32− n. This explains the relation
n = 32−k between the number of preons n = rank(pαβ)
and the number of preserved supersymmetries k. The
k = 31 case (n = 1) is Eq. (20) for BPS preons.
Eq. (25) may be looked at as a manifestation of the
composite structure of the ν = k/32 BPS state |BPS, k〉,
|BPS, k〉 = |λ1〉 ⊗ . . .⊗ |λ(32−k)〉 , (28)
where |λ1〉, . . ., |λn〉 are BPS elementary, preonic states
characterized by the spinors λα
1 , . . ., λα
n, respectively.
C. Moving G-frame
When a BPS state |k〉 is realized as a solitonic solution
of supergravity, it is characterized by k Killing spinors
ǫJ
β(x) or by the n = 32− k bosonic spinors λα
r(x) asso-
ciated with the n BPS preonic components of the state
|BPS, k〉. The Killing spinors and the preonic spinors
are orthogonal,
ǫJ
αλα
r = 0 ,
J = 1, . . . , k , r = 1, . . . , n = 32− k . (29)
5and, hence, may be completed to obtain bases in the
spaces of spinors with upper and with lower indices by
introducing n = 32 − k spinors wr
α and k spinors uα
L
satisfying
ws
αλα
r = δrs , ws
αuα
J = 0 , ǫJ
αuα
K = δJ
K . (30)
Either of these two dual bases defines a generalized mov-
ing G–frame described by the nondegenerate matrices
gα
(β) =
(
λα
s , uα
J
)
, g−1(β)
α =
(
ws
α
ǫJ
α
)
, (31)
where (α) = (s, J) = (1, . . . , 32 − k; J = 1, . . . , k). In-
deed, g−1(β)
γgγ
(α) = δ(β)
(α) is equivalent to Eqs. (30)
and (29), while
δα
β = gα
(γ)g−1(γ)
β ≡ λα
rwr
β + uα
JǫJ
β (32)
provides the unity decomposition or completeness rela-
tion in terms of these dual bases.
One may consider the dual basis g−1(β)
α to be con-
structed from the bosonic spinors in gα
(β) by solving
Eq. (32) or g−1g = I (Eqs. (30) and (29)). Alternatively,
one may think of wr
α and uα
J as being constructed from
ǫJ
α and λα
r through a solution of the same constraints.
In this sense the generalized moving G–frame (31) is con-
structed from k Killing spinors ǫJ
α characterizing the
supersymmetries preserved by a BPS state (realized as
a solution of the supergravity equations) and from the
n = 32 − k bosonic spinors λα
r characterizing the BPS
preons from which the BPS state is composed.
Although many of the considerations below are gen-
eral, we shall be mainly interested here in the cases
G = SL(32,R) and G = Sp(32,R).
Clearly, in D = 11, the charge conjugation matrix
Cαβ = −Cβα allows us to express the dual basis g−1
in terms of the original one g or vice versa. In par-
ticular, in the preonic k = 31 case one finds that, as
λαC
αβλβ ≡ 0, λ
α = Cαβλβ has to be expressed as
λα = λIǫI
α, for some coefficients λI , I = 1, . . . , 31.
In general (as e.g., in CJS supergravity with nonvan-
ishing F4), the charge conjugation matrix is not ‘co-
variantly constant’, DCαβ = −2ω[αβ] 6= 0. This re-
lates the coefficients λI = λαuα
I to the antisymmet-
ric (non–symplectic) part of the generalized connection,
ω[αβ] = C [αγωγ
β] by dλI − AλI = 2λαω
[αβ]uβ
I [43]. In
OSp(1|32)–related models ω[αβ] = 0 and A = 0, hence
λI is constant and we may set λI = δI31 using the global
transformations of GL(31,R), which is a rigid symme-
try of the system of Killing spinors . This allows us to
identify λα itself with one of the Killing spinors
G = Sp(32,R) : ǫI
α = (ǫi
α, λα) , λα := Cαβλβ , (33)
i = 1, . . . , 30 .
Without specifying a solution of the constraints (32)
(or g−1g = I), the moving frame possesses a G =
GL(32,R) symmetry. One may impose as additional
constraints det(g) = 1 or det(g−1) = 1 reducing G to
SL(32,R),
G = SL(32,R) : det(g
(α)
β ) = 1 = det(g
−1
(α)
β) . (34)
For instance, in the preonic case k = 31 this would im-
ply wα = 1/(31)!εαβ1...β31uβ1
1 . . . uβ31
31. Such a frame
is most convenient to study the bosonic solutions of CJS
supergravity.
III. GEOMETRY OF BPS PREONS AND
ν = k/32–SUPERSYMMETRIC SOLUTIONS
A. Generalized connection and moving G–frame
The Killing equation (8) for a ν = k/32 supersymmet-
ric solution,
DǫJ
α = dǫJ
α − ǫJ
βωβ
α = 0 , J = 1, . . . , k , (35)
implies the following equations for the other components
of the moving G–frame
Dλα
r := dλα
r + ωα
β λβ
r = λα
sAs
r , (36)
Duα
J := duα
J + ωα
βuβ
J = λα
r BJr , (37)
Dwr
α := dwr
α − wr
βωβ
α = −Ar
sws
α −BJr ǫJ
α , (38)
α, β = 1, . . . , 32;
J = 1, . . . , k ; r, s = 1, . . . , (32− k) ,
where As
r and Br
I are (32−k)×(32−k) and (32−k)×k
arbitrary one–form matrices.
To obtain Eqs. (36), (37), (38) one can take firstly
the derivative D of the orthogonality relations (29), (30).
After using Eq. (35), this results in
ǫI
αDλα
r = 0 , ǫI
αDuα
J = 0 , (39)
ws
αDλα
r = −Dws
α λα
r , ws
αDuα
J = −Dws
α uα
J . (40)
Then, for instance, to derive (36), one uses the unity de-
composition (32) to express Dλα
r through the contrac-
tions ws
αDλα
r and ǫI
αDλα
r: Dλα
r ≡ λα
sws
βDλβ
r +
uα
I ǫI
βDλβ
r. The second term vanishes due to (39),
while the first one is not restricted by the consequences
of the Killing spinor equations and may be written as in
Eq. (36) in terms of an arbitrary form As
r ≡ ws
αDλα
r.
Notice that, using the unity decomposition (32), one
may also solve formally Eqs. (35), (36), (37), (38) with
respect to the generalized connection ωα
β ,
ωα
β = Ar
s λα
rws
β +Br
Jλα
rǫJ
β − (dgg−1)α
β ,(41)
where g
(β)
α and g
−1
(β)
α are defined in Eq. (31) and, hence,
(dgg−1)α
β = dλα
r wr
β + duα
I ǫI
β . (42)
6For a BPS ν = 31/32, preonic configuration Eqs. (36),
(37), (38) read
Dλα := dλα + ωα
βλβ = Aλα , (43)
Duα
I := duα
I + ωα
βuβ
I = BIλα , (44)
Dwα := dwα − wβωβ
α = −Awα −BIǫI
α (45)
and contain 1 + 31 = 32 arbitrary one–forms A and BI .
For G = SL(32,R) one may choose det(g) = 1,
Eq. (34), which implies tr(dgg−1) := (dgg−1)α
α = 0.
Then the sl(32,R)–valued generalized connection ωα
β
(ωα
α = 0) allowing for a ν = k/32 supersymmetric con-
figuration is determined by Eq. (41) with Ar
r = 0,
G = SL(32,R) : Ar
r = 0 . (46)
In particular, the sl(32,R)–valued generalized connec-
tion allowing for a BPS preonic, ν = 31/32, configura-
tion, should have the form
G = SL(32,R) , ν = 31/32 :
ωα
β = BI λαǫI
β − (dgg−1)α
β (47)
in terms of 31 arbitrary one-forms BI , I = 1, . . . , 31.
Assuming a definite form of the generalized connec-
tions, e.g. the one characterizing bosonic solutions of
the ‘free’ CJS supergravity equations (9), one finds that
Eqs. (41) become differential equations for k Killing
spinors ǫJ
α and n = 32 − k BPS preonic spinors λα
r
once (dgg−1) = dλα
rwr
β − uα
IdǫI
β (Eq. (42)) is taken
into account.
On the other hand, one might reverse the argument
and ask for the structure of a theory allowing for ν =
k/32 supersymmetric solutions. This question is espe-
cially interesting for the case of BPS preonic and ν =
30/32 solutions as, for the moment, such solutions are
unknown in the standard D = 11 CJS and D = 10 type
II supergravities.
B. Generalized holonomy for BPS preons and for
ν = k/32 supersymmetric solutions
The simplest application of the moving G–frame con-
struction above is to find an explicit form for the gen-
eral solution of Eq. (10), which expresses the necessary
conditions for the existence of k Killing spinors. As the
Killing spinor equation (35) implies Eqs. (36), (37), one
may solve instead the selfconsistency conditions for these
equations,
DDλα
r = Rα
βλβ
r = λα
s(dA−A ∧ A)s
r (48)
DDuα
I = Rα
βuβ
I = λα
r(dBIr +B
I
s ∧Ar
s) . (49)
Using the unity decomposition (32), which implies
Rα
β = Rα
γλγ
r wr
β+Rα
γuγ
I ǫI
β , one finds the following
expression for the generalized curvature
Rα
β = Gr
s λα
rws
β +∇BIrλα
rǫI
β , (50)
where
Gr
s := (dA−A ∧ A)r
s , (51)
∇BIr := dB
I
r −Ar
s ∧BIs , (52)
For k = 31, corresponding to the case of a BPS preon,
Eq. (50) simplifies to
Rα
β = dAλαw
β + (dBI +BI ∧ A)λαǫI
β . (53)
Eqs. (50) and (53) imply Rα
β = λα
r(· · · )r
β and, thus,
clearly solve Eq. (10), ǫI
βRβ
α = 0.
The conditions G ⊂ SL(32,R) and hence H ⊂
SL(32,R), Rα
α = 0 (which is always the case for
bosonic solutions of ‘free’ CJS and type IIB supergrav-
ities [7, 11]), imply Ar
r = 0 in Eq. (50) [see Eq. (46)],
while for k = 31 Eq. (53) simplifies to
H ⊂ SL(32,R) , k = 31 :
Rα
β = dBIλαǫI
β . (54)
Finally, for G ⊂ Sp(32,R) ω[αβ] = 0, the holonomy
group H ⊂ Sp(32,R), Rαβ := CαγRγ
β = R(αβ), and
Eq. (54) reduces to
H ⊂ Sp(32,R) , k = 31 :
Rα
β = dB λαλ
β , (55)
where only one arbitrary one–form B appears [to obtain
(55) one has to keep in mind that ǫI
α = (ǫi
α, Cαβλβ),
I = (i, 31), Eq. (33)]. Eqs. (54), (55) solve Eq. (10) for
preons when G = SL(32,R), Sp(32,R), respectively.
Eq. (50) with Ar
r = 0 (Eq. (46), and, hence, (dA−A∧
A)r
r = 0) provides an explicit expression for the results
of [7, 11] on generalized holonomies of k–supersymmetric
solutions of D = 11 and of D = 10 type IIB super-
gravity, namely H ⊂ SL(32 − k,R) ⊂×Rk(32−k). For
a BPS preon k = 31, and H ⊂ R31 as expressed
by Eq. (54). However, our explicit expressions for the
(sl(32− k,R) ⊂+Rk(32−k))–valued generalized curvatures
Rα
β , Eqs. (50), (54), given in terms of the Killing spinors
ǫI
β and bosonic spinors λα
r characterizing the BPS preon
contents of a ν = k/32 BPS state, may be useful in
searching for new supersymmetric solutions, including
preonic ν = 31/32 ones. Some steps in this direction
are taken in the next section.
IV. ON BPS PREONS IN D = 11 CJS
SUPERGRAVITY AND BEYOND
A. BPS preons in Chern–Simons supergravity
The first observation is that the generalized curvature
allowing for a BPS preonic (k = 31 supersymmetric) con-
figuration for the case of H ⊂ SL(32,R) holonomy, Eq.
(54), is nilpotent
Rα
γ ∧Rγ
β = 0 , for H ⊂ SL(32,R) , k = 31 . .(56)
7As a result it solves the purely bosonic equations of a
Chern–Simons supergravity [see [14, 15], although our
statement may be related to a more general version of a
hypothetical Chern–Simons–like supergravity],
Rα
γ1 ∧Rγ1
γ2 ∧Rγ2
γ3 ∧Rγ3
γ4 ∧Rγ4
β = 0 . (57)
Clearly, the same is true for H ⊂ Sp(32,R) ⊂
SL(32,R), where R is given by Eq. (55). Thus, there
exist BPS preonic solutions in CS supergravity theories,
including OSp(1|32)-type ones.
Note that Eq. (56) follows in general for a preonic
configuration only. For the configurations preserving k ≤
30 of the 32 supersymmetries, the bosonic equations of a
CS supergravity, Eqs. (57) reduce to (see (51), (52))
Gs
s2 ∧Gs2
s3 ∧Gs3
s4 ∧Gs4
s5 ∧Gs5
r = 0 ,
Gs
s2 ∧Gs2
s3 ∧Gs3
s4 ∧Gs4
r ∧ ∇Br
I = 0 , (58)
which are not satisfied identically for Gr
r = 0. Eqs. (58)
are satisfied e.g., by configurations with Gs
r = 0, for
which the generalized holonomy group is reduced down
to H ⊂ R⊗k(32−k), Rβ
α = ∇BIrλβ
rǫI
α.
Thus, only the preonic, ν = 31/32, configurations
always solve the Chern–Simons supergravity equations
(57).
B. Searching for preonic solutions of ‘free’ bosonic
CJS equations
We go back now to the question of whether BPS
ν = 31/32 (preonic) solutions exist for the standard CJS
supergravity [5]. As it was noted in Sec. I A, this problem
can be addressed step by step, beginning by studying the
existence of preonic solutions for ‘free’ bosonic CJS equa-
tions. To this aim it is useful to observe [9] that these
equations may be collected in a compact expression for
the generalized curvature, Eq. (14). The generalized cur-
vature of a BPS preonic configuration satisfies Eq. (54),
and thus it solves the ‘free’ bosonic CJS supergravity
equations (14) if
iadB
I ǫ
I
αΓaα
β = 0 . (59)
Actually, Eq. (54) in Eq. (14) gives λα iadB
I ǫI
γΓaγ
β =
0. However, as λα 6= 0, this is equivalent to Eq. (59).
Eq. (59) contains a summed I = 1, . . . , 31 index
and, as a result, it is not easy to handle. It would
be much easier to deal with the expression Γaα
γiaRγ
β
which, with Eq. (54) is equal to Γaα
γλγiadB
J ǫJ
β. In-
deed, (Γaλ)αiadB
J ǫJ
β = 0, for instance, would imply
(Γaλ)αiadB
J = 0 which may be shown to have only triv-
ial solutions. However, Γaα
γiaRγ
β 6= 0 in general for a
solution of the ‘free’ bosonic CJS equations (Eq. (14)),
Γaα
γiaRγ
β = −
i
12
(
DFˆα
β + O(F F )
)
, (60)
where D = eaDa is the Lorentz covariant derivative [not
to be confused with D defined in Eqs. (8), (9)],
Fˆα
β = Fa1a2a3a4(Γ
a1a2a3a4)α
β , (61)
and O(F F ) denotes the terms of second order in
Fc1c2c3c4 ,
O(F F ) =
1
(3!)2 4!
ea(Γa
b1b2b3 + 2δ[b1a Γ
b2b3])ǫb1b2b3[4][4′]F
[4]F [4
′] + (62)
+
2i
3
ea(Γa
b1b2b3b4 + 3δ[b1a Γ
b2b3b4])Fcdb1b2F
cd
b3b4 +
8i
9
eaFabb1b2F
b
b3b4b5Γ
b1b2b3b4b5 .
Eq. (54) then implies that for a hypothetical preonic
solution of the ‘free’ bosonic CJS equations, the gauge
field strength Fabcd should be nonvanishing (otherwise
dBJ = 0 and Rα
β = 0, see above) and satisfy
Γaα
γλγ iadB
J ǫJ
β = −
i
12
(
DFˆα
β + O(F F )
)
. (63)
Using (30), Eqs. (63) split into a set of restrictions for
Fabcd, (
DFˆ + O(F F )
)
α
βλβ = 0 , (64)
and equations for dBI ,
Γaα
γλγ iadB
I = −
i
12
(
DFˆ + O(F F )
)
α
β uβ
I . (65)
Eq. (63) or, equivalently, Eqs. (64),(65) are the equations
to be satisfied by a CJS preonic configuration. Note that
if a nontrivial solution of the above equations with some
Fabcd 6= 0 and some dB
I 6= 0 is found, one would have
then to check in particular that such a solution satisfies
ddBI = 0 and D[eFabcd] = 0.
On the other hand, if the general solution of the above
equation turned out to be trivial, dBI = 0, this would
imply Rα
β = 0 and, thus, a trivial generalized holonomy
group, H = 1. However, this is the necessary condition
for fully supersymmetric, k = 32, solutions [8]. Hence a
trivial solution for Eqs. (64), (65) would indicate that
a solution preserving 31 supersymmetries possesses all
32 ones (thus corresponding to a fully supersymmetric
vacuum) and, hence, that there are no preonic, ν = 31/32
8solutions of the free bosonic CJS supergravity equations
(2), (3), (4), (6) and (7).
If this happened to be the case, one would have to
study the existence of preonic solutions for the CJS su-
pergravity equations with nontrivial right hand sides.
These could be produced by corrections of higher–order
in curvature [20, 21, 23] (a counterpart of the string α′
corrections inD = 10 [22]) and by the presence of sources
(from some exotic p–branes).
C. On brane solutions and worldvolume actions
As far as supersymmetric p–brane solutions of super-
gravity equations are concerned, one notices that for
most of the known ν = 1/2 supersymmetric solutions
(ν = 16/32 in D = 11 and D = 10 type II cases)
there also exist worldvolume actions in the correspond-
ing (D = 11 or D = 10 type II) superspaces possessing
16 κ-symmetries, exactly the number of supersymmetries
preserved by the supergravity solitonic solutions. The κ–
symmetry–preserved supersymmetry correspondence was
further discussed and extended for the case of ν < 1/2
multi-brane solutions in [28, 29].
In this perspective one may expect that if preonic
ν = 31/32 supersymmetric solutions of the CJS equa-
tions with a source do exist, a worldvolume action pos-
sessing 31 κ–symmetries should also exist in a curved
D = 11 superspace. For a moment no such actions are
known in the standard D = 11 superspace, but they are
known in a superspace enlarged with additional tensorial
‘central’ charge coordinates [30, 31]. One might expect
that the roˆle of these additional tensorial coordinates
could be taken over by the tensorial fields of D = 11
supergravity. But this would imply that the correspond-
ing action does not exist in the flat standard D = 11
superspace as it would require a contribution from the
above additional field degrees of freedom (replacing the
tensorial coordinate ones corresponding to spirit of [32]).
This lack of a clear flat standard superspace limit ham-
pers the way towards a hypothetical worldvolume action
for a BPS preon in the usual curved D = 11 superspace.
Nevertheless, a shortcut in the search for such an ac-
tion may be provided by the recent observation [17] that
the superfield description of the dynamical supergravity–
superbrane interacting system, described by the sum of
the superfield action for supergravity (still unknown for
D = 10, 11) and the super–p–brane action, is gauge
equivalent to the much simpler dynamical system de-
scribed by the sum of the spacetime, component action
for supergravity and the action for the purely bosonic
limit of the super–p–brane. This bosonic p–brane action
carries the memory of being the bosonic limit of a super–
p–brane by still possessing 1/2 of the spacetime local su-
persymmetries [16]; this preservation of local supersym-
metry reflects the κ–symmetry of the original super–p–
brane action.
Thus the κ-symmetric worldvolume actions for super–
p–branes have a clear spacetime counterpart: the purely
bosonic actions in spacetime possessing a part of local
spacetime supersymmetry of a ‘free’ supergravity theory.
This fact, although explicitly discussed for the stan-
dard, ν = 1/2 superbranes in [17], is general since it
follows from symmetry considerations only and thus it
applies to any superbrane, including a hypothetical pre-
onic one. The number of supersymmetries possessed by
this bosonic brane action coincides with the number of
κ–symmetries of the parent super–p–brane action. More-
over, these supersymmetries are extracted by a projector
which may be identified with the bosonic limit of the κ–
symmetry projector for the superbrane. With this guide-
line in mind one may simplify, in a first stage, the search
for a worldvolume action for a BPS preon in standard su-
pergravity (or in a model minimally extending the stan-
dard supergravity) by discussing the bosonic limit that
such a hypothetical action should have.
D. BPS preons in D’Auria–Fre´ supergravity
Let us consider a symmetric spin–tensor one–form
eαβ = eβα = dxµeαβµ (x) transforming under local su-
persymmetry by
δεe
αβ = −2iψ(α εβ) , (66)
where ψα is a fermionic one–form,
ψα = dxµψαµ (x) , (67)
which we may identify with the gravitino. Let us consider
for simplicity the worldline action (cf. [30])
S =
∫
W 1
λα(τ)λβ(τ)eˆ
αβ
=
∫
dτλα(τ)λβ(τ) e
αβ
µ (xˆ(τ)) ∂τ xˆ
µ(τ) , (68)
where τ parametrizes the worldlineW 1 in D = 11 space-
time, eˆαβ := dτ∂τ xˆ
µ(τ) eαβµ (xˆ(τ)) and λα(τ) is an aux-
iliary spinor field on the worldline W 1. The extended
(p ≥ 1) object counterpart of this worldline action is the
following action for tensionless p–branes (cf. [31])
Sp+1 =
∫
Wp+1
λαλβ ρˆ ∧ eˆ
αβ
=
∫
Wp+1
dp+1ξ ρkλαλβ eˆ
αβ
µ ∂kxˆ
µ , (69)
where ρˆ(ξ) is a p-form auxiliary field, and ρk(ξ) is the
worldvolume vector density (see [38]) related to ρˆ(ξ) by
ρˆ(ξ) = (1/p!)dξjp∧ . . .∧dξj1ρj1...jp(ξ) = (1/p!)dξ
jp∧ . . .∧
dξj1ǫj1...jpkρ
k(ξ).
9One easily finds that the action (68) possesses all but
one of the local spacetime supersymmetries [44], Eq. (66),
31 for α, β = 1, . . . , 32 corresponding to D = 11. Indeed,
performing a supersymmetric variation δε of (68) assum-
ing δελα(τ) = 0, one finds
δεS = −2i
∫
W 1
ψˆαλα(τ) εˆ
βλβ(τ) . (70)
Thus, one sees that δεS = 0 for the supersymmetry pa-
rameters on W 1 that obey (cf. (20))
εˆβλβ(τ) = 0 (εˆ
β := εβ(xˆ(τ))) . (71)
Clearly Eq. (71) possesses 31 solutions, which may be ex-
pressed through worldvolume spinors ǫˆI
α(τ) (the world-
line counterparts of the Killing spinors) orthogonal to
λα(τ), ǫˆI
α(τ)λα(τ) = 0, as
εˆβ = εI(τ)ǫˆI
β , I = 1, . . . , 31 , (72)
for some arbitrary εI(τ). The same is true for the ten-
sionless p-branes described by the action (69).
Thus, the actions (68), (69) possess 31 of the 32 lo-
cal spacetime supersymmetries (66) and, in the light of
the discussion of the previous section, can be consid-
ered as the spacetime counterparts of a superspace BPS–
preonic action (hypothetical in the standard superspace
but known [2, 30, 31] in flat maximally enlarged or ten-
sorial superspaces).
The question that remains to be settled is the mean-
ing of the symmetric spin–tensor one–form eαβ with the
local supersymmetry transformation rule (66) in D = 11
supergravity. The contraction of eαβ with Γa,
ea = eαβΓaαβ , (73)
may be identified with the D = 11 vielbein. Decompos-
ing eαβ in the basis of the D = 11 Spin(1, 10) gamma–
matrices,
eαβ = eβα = (74)
=
1
32
eaΓαβa −
1
2! 32
Bab1 Γ
αβ
ab +
1
5! 32
Ba1...a51 Γ
αβ
a1...a5
,
one finds that eαβ also contains the antisymmetric ten-
sor one–forms Bab1 (x) = dx
µBabµ (x) and B
a1...a5
1 (x) =
dxµBa1...a5µ (x). Such fields, moreover, with exactly the
same supersymmetry transformation rules, are involved
in the D = 11 supergravity model by D’Auria and Fre´
[18].
Thus the action (68) can be teated as a worldline ac-
tion for a BPS preon in the background of the D’Auria–
Fre´, OSp(1|32)–related ‘gauge’ supergravity model. This
might be regarded as an indirect indication of the exis-
tence of BPS preonic ν = 31/32 solutions in D’Auria–Fre´
D = 11 supergravity.
The possibility of having preonic actions in the stan-
dard CJS supergravity requires additional study.
V. DISCUSSION AND OUTLOOK
In this paper we have studied the roˆle of the BPS preon
notion [1] in the analysis of supersymmetric solutions of
D = 11 supergravity. This notion suggests the mov-
ing G–frame method, which we propose as a new tool
in the search for supersymmetric solutions of D = 11
and D = 10 supergravity. We used this method here
to make a step towards answering whether the standard
CJS supergravity [5] possesses a solution preserving 31
supersymmetries, a solution that would correspond to a
BPS preon state. Although this question has not been
settled for the CJS supergravity case, we have shown in
our framework that preonic, ν = 31/32 solutions do exist
in a Chern–Simons type D = 11 supergravity [14].
Although the main search for preonic solutions con-
cerns the ‘free’ bosonic CJS supergravity equations,
one should not exclude other possibilities, both inside
and outside the CJS standard supergravity framework.
When, e.g., super–p–brane sources are included, the Ein-
stein equation (2), and possibly the gauge field equations
(3) and even the Bianchi identities (4), acquire r.h.s’s. In
this case (see Eq. (12)), a r.h.s. also appears in Eq. (14)
and the situation would have to be reconsidered. Another
source of modification of the CJS supergravity equations
might be due to ‘radiative’ corrections of higher order
in curvature. Such modified equations might also allow
for preonic solutions not present in the unmodified ones.
If it were found that only the inclusion of these higher–
order curvature terms allows for preonic BPS solutions,
this would indicate that BPS preons cannot be seen in
a classical low energy approximation of M-theory and,
hence, that they are intrinsically quantum objects.
The special roˆle of BPS preons in the algebraic classi-
fication of all the M-theory BPS states [1] allows us to
conjecture that they are elementary (quark-like) neces-
sary ingredients of any model providing a more complete
description of M-theory. In such a framework, if the stan-
dard supergravity did not contain ν = 31/32 solutions,
neither in its ‘free’ form, nor in the presence of a super–p–
brane source, this might just indicate the need for a wider
framework for an effective description of M–theory. Such
an approach could include Chern–Simons supergravities
[14] and/or the use of larger, extended superspaces (see
[32, 37] and refs. therein), in particular with additional
tensorial coordinates (also relevant in the description of
massless higher–spin theories [2, 3]). In this perspective
our observation that the BPS preonic configurations do
solve the bosonic equations of Chern–Simons supergrav-
ity models looks interesting.
Note added. We mention that it might be interesting
to look at the role of vectors and higher order tensors
that may be constructed from the preonic spinors λα
r,
in analogy with the use of the Killing vectors KaIJ =
ǫIΓ
aǫJ and higher order bilinears ǫIΓ
a1···asǫJ made in
Refs. [9, 39, 40, 41].
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